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Five-year incidence of cardiovascular disease
and its predictors in Greece: the ATTICA study

Demosthenes B Panagiotakos1, Christos Pitsavos2, Christina Chrysohoou2, Ioannis Skoumas2 and
Christodoulos Stefanadis2

Abstract: The 5-year incidence of cardiovascular disease (CVD) and its determinants,

in a sample of men and women from Greece, was evaluated. From May 2001 to

December 2002, 1514 men and 1528 women (> 18 years old) without any clinical evi-

dence of CVD, living in the Attica area, Greece, were enrolled in the ATTICA study. In

2006, a group of experts performed the 5-year follow-up (941 of the 3042 (31%) parti-

cipants were lost to follow-up). Development of CVD (coronary heart disease, acute

coronary syndromes, stroke, or other CVD) during the follow-up period was defined

according to WHO-ICD-10 criteria. The 5-year incidence of CVD was 11.0% in men and

6.1% in women (p < 0.001); the case fatality rate was 1.6%. Multi-adjusted logistic

regression analysis revealed that increased age (odds ratio per year = 1.09, p = 0.04),

waist-to-hip ratio (odds ratio = 5.07, p = 0.02), hypertension (odds ratio = 4.53,

p = 0.001), diabetes (odds ratio = 4.53, p = 0.001) and C-reactive protein levels (odds

ratio per 1 mg/dl = 1.31, p = 0.02) were the most significant baseline bio-clinical pre-

dictors of CVD. Furthermore, an increased education level and greater adherence to

the Mediterranean diet (among 35–65-year-old individuals) were associated with a

lower CVD incidence (odds ratio per 3 years of school difference = 0.83, p < 0.001 and

odds ratio per 1/55 units in diet score = 0.94, p < 0.001), irrespective of various poten-

tial confounders. In conclusion, aging, central fat, hypertension and diabetes, inflam-

mation process, low social status and abstinence from a Mediterranean diet seem to

predict CVD events within a 5-year period.
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incidence; inflammation

Introduction

It is well known that cardiovascular disease (CVD)
is the leading cause of death and disability in the
developed world. The American Heart Association
and the National Heart, Lung, and Blood Institute
reports that the cost for CVD in 2006 was estimated
to be about $400 billion.1 Incidence of CVD varies
from country to country, and culture to culture. For
example, in a population-based Italian study,2 the
age-adjusted annual incidence of coronary heart dis-
ease (CHD) was about 3.7%, in a Japanese study the
age-adjusted incidence of CHD increased from
0.4% during 1963 to 1970 to 1.5% during 1979 to
1986, and then was stable until 1994,3 while in the
US, and according to the National Health and

Nutrition Examination studies, the annual age-
standardized CVD incidence rates decreased from
29.3% (1971–1982) to 22.5% (1982–1992).4 It is
important to mention that the aforementioned stud-
ies used similar criteria for defining CVD. Accord-
ing to the World Health Organization, unhealthy
dietary habits, smoking and physical inactivity con-
stitute the major, modifiable risk factors for the
development of CVD, while increased arterial
blood pressure, glucose and lipids levels, together
with a low-grade inflammation process seem to pro-
mote the development of the disease.5 Furthermore,
the investigators of the INTERHEART study
reported that abnormal lipids, smoking, hyperten-
sion, diabetes, abdominal obesity, psychosocial fac-
tors, consumption of fruits, vegetables, and alcohol,
and regular physical activity were the most signifi-
cant factors associated with the risk of myocardial
infarction worldwide in both sexes, and at all ages in
all regions.6
Until now, the effect of various risk factors on

CVD incidence in Greece has been mainly based
on the findings from the Seven Countries study
that started in the early 1960s. Given the lack of
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current data regarding the incidence of CVD in
European, and especially south European, popula-
tions such as the Greek, the 5-year incidence of
CVD (i.e. fatal or non-fatal acute coronary syn-
dromes, stroke, or other CVD) and its determinants
was investigated in a random sample of CVD-free
adults.

Methods

Sampling procedure
The ‘ATTICA’ epidemiological study was carried
out in the Attica area (including 78% urban and
22% rural regions) during 2001–2002. The sampling
anticipated enrolling only one participant per
household; it was random, multistage and based
on the age (five strata) and sex (two strata) distribu-
tion of the Attica region (27 strata, census of 2001).
At first, an invitation was sent to 4056 inhabitants
from the above area, based on the census roll of each
city. The invitation clarified that people with a his-
tory of CVD or living in institutions or having
chronic viral infections should not participate in
the sampling. Of the invited individuals, 3042
agreed to participate (75% participation rate);
1514 of the participants were men (18–87 years)
and 1528 were women (18–89 years). All partici-
pants were interviewed by trained personnel
(cardiologists, general practitioners, dieticians and
nurses) who used a standard questionnaire. Exclu-
sion of CVD was also performed through a detailed
clinical evaluation by the study physicians, follow-
ing standard criteria. The examination was per-
formed in the individuals’ homes. Further details
about the aims, design and methods used in the
ATTICA study may be found elsewhere in the
literature.7

Baseline measurements
The baseline evaluation included information
about: socio-demographic characteristics (age, sex,
mean annual income and years of school), personal
and family history of hypertension, hypercholester-
olemia and diabetes, family history of CVD, dietary
and other lifestyle habits (i.e. smoking status and
physical activity). The evaluation of the nutritional
habits was based on a validated semi-quantitative
food-frequency questionnaire8: the EPIC-Greek
questionnaire that was kindly provided by the
Unit of Nutrition of Athens Medical School. All
participants were asked to report the average intake
(per week or day) of several food items that they
consumed (during the last 12 months). Then, the
frequency of consumption was quantified approxi-
mately in terms of the number of times a month a
food was consumed. Any type of alcohol consump-

tion was measured in wine glasses (100 ml) and
quantified by ethanol intake (in g per day). Based
on the nutritional information, a special Mediterra-
nean diet score was applied (range 0–55) that eval-
uates adherence to the Mediterranean diet.9 More-
over, smokers were defined as those who were
smoking at least one cigarette per day during the
past year or had recently stopped smoking (during
the past year); the rest of the participants were
defined as non-smokers. Pack-years were calculated
as cigarette packs per day smoked by years of smok-
ing. For the ascertainment of physical activity status
the International Physical Activity Questionnaire
(IPAQ10) was used as an index of weekly energy
expenditure using frequency (times per week), dura-
tion (in minutes per time) and intensity of sports or
other habits related to physical activity (in expended
calories per time). Participants who did not report
any physical activities were defined as physically
inactive (sedentary lifestyle). Body mass index
(BMI) was measured as weight (in kg) divided by
standing height (m2). Obesity was defined as a
BMI greater than 29.9 kg/m2. Waist (in cm) and
hip (in cm) circumferences were also measured.
Arterial blood pressure (three recordings) was mea-
sured at the end of the physical examination with
the individual in a sitting position. All participants
rested for at least 30 minutes. Participants whose
average blood pressure levels were greater or equal
to 140/90 mmHg or were under antihypertensive
medication were classified as having hypertension.
Blood samples were collected from the antecubital
vein between 8 and 10 am in a sitting position after
12 hours of fasting and alcohol abstinence. Total
serum cholesterol, high-density lipoprotein (HDL)-
cholesterol, and triglycerides were measured using a
chromatographic enzymic method in a Technicon
automatic analyser RA-1000 (Dade Behring, Mar-
burg, Germany). Hypercholesterolemia was defined
as total cholesterol levels greater than 200 mg/dl or
the use of lipid-lowering agents. HDL-cholesterol
was determined after precipitation of the apolipo-
protein B-containing lipoproteins with dextran-
magnesium-chloride. Serum for the measurement
of these lipids was harvested immediately after
admission. Low-density lipoprotein (LDL)-
cholesterol was calculated using the Friedewald for-
mula: (total cholesterol) – (HDL cholesterol) – 1/5
(triglycerides) (only in people who had triglyceride
levels lower than 250 mg/dl). The intra and inter-
assay coefficients of variation of cholesterol levels
did not exceed 9%, triglycerides 4% and HDL 4%.
Blood glucose levels (mg/dl) were measured with a
Beckman Glucose Analyzer (Beckman Instruments,
Fullerton, CA, USA). Diabetes mellitus (type 2)
was defined according to the American Diabetes
Association diagnostic criteria (i.e. blood glucose
levels greater than 125 mg/dl classified participants
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as having diabetes). C-reactive protein and serum
amyloid A were assayed by particle-enhanced
immunonephelometry.
The Greek translation of the 20-item self-report

State-Trait Anxiety Inventory (STAI), state version,
was used to evaluate levels of anxiety.11,12 Total
scores were based on the summation of the values
assigned to each response (range: 20–80). Addition-
ally, the Greek version of the Zung Self-Rating
Depression Scale (ZDRS) was used in this
work.13,14 The ZDRS is also a self-report test
designed to quickly and easily quantify the presence
and severity of depression.
Metabolic syndrome was defined by the recent

NCEP ATP III criteria15 if three or more of the fol-
lowing risk factors were present: waist circumfer-
ence ≥ 102 cm for men or ≥ 88 cm for women; tri-
glyceride level ≥ 150 mg/dl; HDL-cholesterol
level < 40 mg/dl for men or < 50 mg/dl for
women; blood pressure ≥ 130/85 mmHg; fasting glu-
cose ≥ 100 mg/dl. Further details about the aims and
procedures of the ATTICA epidemiological study
may be found elsewhere.7

Follow-up
During 2006, the ATTICA study’s investigators
performed the 5-year follow-up. Of the 3042 ini-
tially enrolled participants, 2101 were found during
the follow-up (69% participation rate). Of the indi-
viduals that were lost to follow-up (i.e. 941), 706
were not found because of missing or wrong
addresses and telephone numbers that they had pro-
vided at the baseline examination and 235 because
they denied being re-examined. No significant dif-
ferences in the baseline characteristics were
observed between those who participated to
follow-up and those who did not participate regard-
ing the distribution of age (45 ± 14 vs 45 ± 13 years,
p = 0.78), sex (males 50% vs 50%, p = 0.99), years of
school (12.1 ± 4 vs 12.0 ± 4, p = 0.67), presence of
hypertension (30% vs 28%, p = 0.12), diabetes (7%
vs 6%, p = 0.27), hypercholesterolemia (39% vs
33%, p = 0.10), obesity (19% vs 15%, p = 0.54), as
well as anxiety (p = 0.20) and depression levels
(p = 0.16). However, those who participated in the
follow-up were less likely to be smokers at baseline
compared with those who were lost (41% vs 49%,
p < 0.001).
In order to participate in the follow-up all parti-

cipants were appointed through telephone calls
(80% of the participants) or face-to-face interviews
when their telephone number was not available, and
asked to provide all their medical records to the
study’s investigators. Afterwards, the investigators
performed a detailed evaluation of the participants’
medical records (i.e. in the 2101 individuals that
were found to follow-up). The following informa-

tion about participants was assessed: (a) vital status
(death from any cause or due to CVD); (b) develop-
ment of CHD (i.e. myocardial infarction, angina
pectoris, other identified forms of ischemia –
WHO-ICD coding 410–414.9, 427.2, 427.6-, heart
failure of different types, and chronic arrhythmias –
WHO-ICD coding 400.0–404.9, 427.0–427.5,
427.9-); (c) development of stroke (WHO-ICD cod-
ing 430–438); (d) development of hypertension,
hypercholesterolemia and diabetes, as well as man-
agement of these conditions; (e) assessment of body
weight and height; and (f) lifestyle habits, including
physical activity and smoking status, as well as con-
sumption of various food groups and beverages.

Statistical analysis
Incidence rates of CVD (CHD as defined above or
stroke) were calculated as the ratio of new cases to
the number of people who participated in the
follow-up. Continuous variables are presented as
mean values ± standard deviation, and categorical
variables are presented as frequencies. Associations
between categorical variables were tested using the
chi-squared test. Comparisons of mean values of
normally distributed variables between those who
developed an event and the rest of the participants
were performed using Student’s t-test, after control-
ling for equality of variances using the Levene’s test.
For some continuous variables that were not nor-
mally distributed (i.e. C-reactive protein levels,
years of school) the Mann–Whitney non-
parametric test was applied to evaluate the differ-
ences in the distributions of the skewed variables
between those who developed a CVD event and
the rest of the participants.
The relative risks of developing a CVD event dur-

ing the 5-year period, according to the participants’
baseline characteristics, were estimated using Cox
proportional hazards models. The time to a CVD
event was recorded on an annual basis. A stepwise
procedure was applied. We used 5% as the cut-off
for the probability of entering a variable in the
model and 10% as the cut-off for the probability of
removing a variable from the model. Interactions
between sex and other covariates were tested in all
steps, and when significant they remained in the
model. Moreover, known confounders were also
included in the model. A pseudo R2 (Negelkerke)
was used to evaluate the explanatory ability of the
predictive models.
To further explore which of the baseline measure-

ments was the best predictor of CVD, discriminant
analysis was performed using the area under the
receiver operating characteristic curve (AUC;
higher values of the AUC = better discriminating
ability). Moreover, a cut-off point analysis using
the ROC curve was used in order to determine the
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optimal values of the baseline continuous factors
that predict the event with the highest accuracy.
All reported p-values are based on two-sided tests

and compared to a significance level of 5%. SPSS
version 14 (Statistical Package for Social Sciences,
SPSS Inc, Chicago, IL, USA) software was used for
all the statistical calculations.

Results

Regarding the vital status of the 2101 individuals
that participated in the follow-up, 1012 men and
1035 women were found alive, while 32 (3.0%)
men and 22 (2.1%) women died during the 5-year
period.
The 5-year incidence of CVD was 108 (11.0%)

cases in men and 62 (6.1%) cases in women (p for
sex difference < 0.001, the overall 5-year CVD event
rate was 8.5%); 32 of these events were fatal
(21 men, the 5-year CVD death rate was 1.6%).
Causes of death were: myocardial infarction (25
cases), stroke (six cases) and other CVD (one
case). Thus, the annual incidence of CVD was cal-
culated to be 220 new cases per 10,000 men and 122
new cases per 10,000 women participants. A
strongly significant linear trend was observed
between incidence of CVD and baseline age of the
participants (p for trend < 0.001, Table 1). In partic-
ular, men who were aged between 65 and 75 years at
baseline examination experienced about a 10 times
higher risk of developing CVD compared with those
who were between 35 and 45 years, while the afore-
mentioned relative risk in older women was about
18 times higher compared with those who were
between 35 and 45 years. Furthermore, the overall
men-to-women incidence rate ratio was 1.8; how-
ever, a gradual change according to participants’
age was observed. In particular, the men-
to-women ratio decreases consistently with age,
starting from about 3:1 in younger people and
became about 1:1 in those over 75 years (Table 1).

Demographic, clinical and behavioural charac-
teristics of the participants by 5-year CVD status
are presented in Table 2. Although, multiple com-
parisons are made in the presented results, and con-
sequently the probability of false positives findings
(i.e. p-value) increases dramatically, it is noticeable
to mention that people who developed CVD were
more likely to be older men, with increased blood
lipids, systolic/diastolic blood pressure, glucose and
C-reactive protein levels, as well as with lower
adherence to the Mediterranean diet (i.e. lower
diet score), but increased ethanol intake, body
mass and waist-to-hip ratio, and lower education
status, at baseline examination (all p-values
< 0.009). Of the anthropometric indices waist-
to-hip ratio had the best discriminating ability
(AUC = 0.68), followed by waist circumference
(AUC = 0.62), BMI (AUC = 0.64) and hip circum-
ference (AUC = 0.60). Moreover, from the baseline
biochemical measurements, ROC analysis showed
that triglycerides (AUC = 0.645) followed by
blood glucose (AUC = 0.626), C-reactive protein
(AUC = 0.591), HDL-cholesterol (AUC = 0.587),
total cholesterol (AUC = 0.584), and LDL-
cholesterol (AUC = 0.569) were all significantly
associated with the development of CVD (at
p < 0.05). Additionally, cut-off point analysis
based on the ROC curve showed that a waist-
to-hip ratio greater than 0.94/0.82 for men and
women, respectively (sensitivity 62%/69%, specific-
ity 60%/66%), triglycerides greater than 125 mg/dl
(sensitivity 53%, specificity 70%) and C-reactive
protein levels greater than 1.6 mg/l (sensitivity
65%, specificity 51%) were the optimal cut-off
values of these markers that predict with the highest
accuracy the outcome. When the level of 3 mg/l was
used as the cut-off for C-reactive protein the sensi-
tivity decreased to 22% and the specificity increased
to 82%.
However, all the aforementioned comparisons are

prone to residual confounding; therefore, a multi-
adjusted logistic regression analysis was performed.
Based on this analysis, increased age (p < 0.001),
waist-to-hip ratio (p = 0.003), C-reactive protein

Table 1 Five-year incidence of CVD in men and women from the ATTICA study, by age group

Age at baseline Men (na) Women (na) Men-to-women incidence
rate ratio

5-year incidence of CVD

< 35 years 2.5% (218) 0.0% (278) >> 1
35–45 years 3.4% (270) 1.5% (271) 2.26
45–55 years 10.8% (309) 4.0% (254) 2.70
55–65 years 21.0% (140) 12.5% (131) 1.68
65–75 years 35.2% (51) 26.9% (78) 1.30
75+ years 43.8% (24) 42.3% (23) 1.03
Overall 11.0% (1012) 6.1% (1035) 1.80

aPeople who participated in the follow-up examination.
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levels (p = 0.05), presence of hypertension (p = 0.05)
and diabetes (p = 0.009) were the most significant
baseline predictors of developing CVD within a
5-year period. No significant interactions were
observed between the previous factors and sex of
the participants on the development of CVD. More-
over, the aforementioned baseline predictors were
then used as binary variables, based on the previous
cut-offs (i.e. waist-to-hip ratio above 0.94/0.82,
C-reactive protein above 1.6 mg/l). Then a cumula-
tive score was calculated (range 0–4). According to
this score people who had all four conditions (i.e.
waist-to-hip ratio above 0.94/0.82, C-reactive pro-
tein above 1.6 mg/l, hypertension and diabetes) expe-
rienced a 4.6 higher risk (95%CI 1.47–14.5) of devel-
oping CVD, after adjusting for various potential
confounders. Moreover, low education status was
also a significant predictor of CVD (p = 0.033). It
is of interest that although smoking habits and phys-
ical inactivity increased the risk of CVD (see initial
model presented in Table 3), these factors did not
reach significance (at p < 0.05). These associations
were further explored; the age-sex adjusted odds
ratio of smoking was 1.02 per 40 pack-years
(p = 0.01); however, when hypertension, hypercho-
lesterolemia and diabetes were entered in the
model, this relationship becomes insignificant.
Moreover, the age-sex adjusted odds ratio of physi-
cal inactivity was 2.38 (p = 0.001); however, when

the waist-to-hip ratio and smoking habits were
taken into account this relationship becomes
insignificant.
The presence of the metabolic syndrome was then

evaluated. After adjusting for age, sex, physical
activity, smoking, and dietary habits, the presence
of the metabolic syndrome was associated with a
2.09 times higher risk of developing a CVD event
(95% CI 1.44–3.04). To test whether metabolic syn-
drome is a better predictor of future CVD events
than the risk factors, we also estimated a model
that contained age, sex, physical activity, smoking,
dietary habits, and all the features of the syndrome.
Based on the calculated pseudo R2 statistics we
observed that the two models had a similar explan-
atory ability (i.e. Negelkerke R2 of the model that is
based on the metabolic syndrome = 23.8% and
Negelkerke R2 of the model that is based on the
individual components of the syndrome = 24.7%).
Regarding dietary habits, the Mediterranean diet

score was inversely associated with the development
of CVD (relative risk per 1 unit = 0.92; 95% CI
0.89–0.94, after adjustment for sex, physical activity
status, smoking habits and other bio-clinical char-
acteristics of the participants), but the relationship
became insignificant when age was also included in
the model. Thus, the analysis was repeated for dif-
ferent age groups. It was revealed that only in peo-
ple aged between 35 and 65 years that greater

Table 2 Characteristics of the ATTICA study’s participants according to the 5-year incidence of CVD

Baseline levels Status at 5-year follow-up p

CVD event-free
(n = 1826)

CVD events
(n = 170)

Age, years 45 ± 14 44 ± 13 60 ± 13 < 0.001
Male sex 50% 48% 64% 0.01
Years of school 12 ± 4 12 ± 3 10 ± 4 < 0.001
Smoking 43% 40% 30% 0.03
Physical activity 40% 42% 40% 0.63
Depression scale, ZDRS (20–80) 35 ± 7 35 ± 7 35 ± 8 0.87
Anxiety scale, STAI (20–80) 41 ± 11 40 ± 11 41 ± 8 0.93
Mediterranean diet score (0–55) 26 ± 7 26 ± 6 23 ± 7 0.001
Ethanol intake, g/d 12.4 ± 116 8.8 ± 13 15.1 ± 21 0.009
Systolic blood pressure, mmHg 123 ± 19 121 ± 17 134 ± 20 < 0.001
Diastolic blood pressure, mmHg 80 ± 24 79 ± 21 83 ± 18 < 0.001
Hypertension 30% 29% 58% < 0.001
Total cholesterol, mg/dl 194 ± 42 193 ± 41 206 ± 44 < 0.001
Hypercholesterolemia 39% 39% 52% 0.001
Fasting glucose, mg/dl 93 ± 25 91 ± 22 104 ± 31 < 0.001
Diabetes 7% 5% 25% < 0.001
Family history of CHD 28% 28% 34% 0.33
C-reactive protein, mg/l 1.93 ± 2.4 1.90 ± 2.3 2.42 ± 2.1 < 0.001
Metabolic syndrome 20% 20% 42% < 0.001
Waist-to-hip ratio 0.86 ± 0.1 0.85 ± 0.1 0.92 ± 0.11 < 0.001
Body mass index, kg/m2 26 ± 5 26 ± 4 28 ± 5 0.001
Obesity 18% 17% 30% 0.008
Abnormal waist (> 102/95 cm, m/f) 52% 52% 68% < 0.001

STAI, State-Trait Anxiety Inventory; ZDRS, Zung Self-Rating Depression Scale.
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adherence to a Mediterranean diet was inversely
associated with CVD incidence (relative risk per
1 unit = 0.94; 95%CI 0.90–0.97, after several adjust-
ments were made), while no significant associations
were observed among younger or older adults (p for
homogeneity between odds ratios < 0.001).

Discussion

In this work the 5-year incidence rate of CVD was
evaluated in a population-based sample of men and
women from the Attica region of Greece. Approxi-
mately 8.5% of those who participated in the follow-
up of the ATTICA study developed a fatal or non-
fatal CVD event within this period. The men-to-
women ratio was almost 3:1 in younger adults and
become close to 1:1 in older adults. The annual inci-
dence rate was about 2.2% in men and 1.2% in
women, which means that about 550,000 people
developed CVD during the preceding 5 years.
These figures underline the burden of CVD in a
‘low-risk’ population. Of the baseline factors that
were evaluated in this report, increased waist-
to-hip ratio, the presence of hypertension and diabe-
tes, and high C-reactive protein levels were the most
significant bio-clinical predictors of CVD, while a
low education level and lower adherence to the
Mediterranean diet were also associated with
increased CVD incidence rates. Furthermore, these
findings reveal the importance of measuring the

waist-to-hip ratio as the most significant anthropo-
metric predictor of future CVD events, emphasize
the need to focus the prevention strategies on low
educated people, underline the significance of the
inflammation process in predicting CVD and con-
firm the cardioprotective effects of adherence to a
healthy dietary pattern, such as the Mediterranean
diet.
One of the main findings of this work is the strong

association of the waist-to-hip ratio with the inci-
dence of CVD. Discriminant analysis revealed that
the waist-to-hip ratio had the best discriminating
ability of all the anthropometric measurements.
Obesity, abnormal waist circumference or waist-
to-hip ratio have already been associated with the
development of CHD and various metabolic
disorders.16,17 Recently, the INTERHEART study
6 investigators, based on a large case–control study,
reported that abdominal obesity was one of the
most significant risk factors of CHD in both sexes
and in all parts of the world. The previous reports,
together with our findings, underline the relative
importance of waist-to-hip ratio compared with
BMI or waist circumference in the prediction of
future CVD events.
Moreover, the metabolic syndrome was also

related to CVD in our work, irrespective of various
potential confounders. However, the value of the
metabolic syndrome as a scientific concept remains
controversial, since several investigators suggest
that the presence of the syndrome alone cannot pre-
dict global CVD risk, better than individual risk

Table 3 Results from stepwise multiple logistic regression analysis that evaluated socio-demographic, lifestyle,
biological, and clinical baseline characteristics in relation to the 5-year incidence of hypercholesterolemia in the
ATTICA study participants

Odds ratio 95% confidence interval

Initial multi-adjusted model
Age (per 1 year) 1.06 1.04–1.08
Men versus women 1.42 0.83–2.44
Physically inactive versus physically active 1.16 0.74–1.82
Smokers versus non-smokers 1.12 0.69–1.83
Waist-to-hip ratio (per 0.1 unit) 1.22 0.97–1.54
Years of school (per 3 years) 0.80 0.68–0.97
Mediterranean diet score (per 1 unit) 0.94 0.90–0.97
Diabetes (y/n) 2.14 1.44–3.16
Hypercholesterolemia (y/n) 1.06 0.67–1.66
Triglycerides > 150 mg/dl (y/n) 1.05 0.65–1.70
Hypertension (y/n) 1.54 0.99–2.40
Family history of CHD 1.41 0.82–2.41
C-reactive protein (per 1 mg/l) 1.08 1.00–1.17
Final multi-adjusted model
Age (per 1 year) 1.06 1.04–1.08
Waist-to-hip ratio (per 0.1 unit) 1.33 1.10–1.62
Years of school (per 3 years) 0.83 0.67–0.98
Hypertension (y/n) 1.55 0.99–2.41
Diabetes (y/n) 2.18 1.22–3.92
C-reactive protein (per 1 mg/l) 1.08 1.01–1.17
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factors, and especially abdominal obesity which is a
marker of ‘dysfunctional adipose tissue’.18 We have
also observed similar findings, since the model that
contained metabolic syndrome did not show better
explanatory ability compared with the model that
contained the individual features of the syndrome.
Low-grade systemic inflammation seems to partic-

ipate in the pathobiology of obesity, insulin resis-
tance, metabolic syndrome and CHD.19–22 Prospec-
tive cohort studies in healthy individuals revealed
strong associations between elevated C-reactive pro-
tein levels and the risk of CVD events. Recently,
Cushman et al.,22 in a 10-year follow-up reported
that the relative risk of CHD for C-reactive protein
levels greater than 3 mg/l compared with lower than
1 mg/l was 1.45, adjusting for various potential con-
founders, while the population-attributable risk of the
disease for elevated C-reactive protein levels was 11%.
In this work, baseline levels of C-reactive protein pre-
dicted CVD with good accuracy, irrespective of age,
sex, smoking and dietary habits, as well as various
other potential confounders (Table 3). It is of interest
that cut-off point analysis revealed that the crucial
level of C-reactive protein that better discriminates
CVD events was 1.6 mg/l, which is much lower than
the usual cut-off (i.e. 3 mg/l). Despite which should be
the optimal cut-off for C-reactive protein, the present
study, together with other reports, strongly suggest
that this inflammatory marker should be included in
the predictive models of CVD.
Diabetes and hypertension together with hyper-

cholesterolemia constitutes major clinical risk fac-
tors for the development of CVD. In this work,
both hypertension and diabetes showed a strong
positive association with the development of CVD;
in particular, hypertension increased by 55% the
risk for CVD, while diabetes twofold the aforemen-
tioned risk, independently of the various other char-
acteristics of the participants (Table 3). Both condi-
tions promote the development of the metabolic
syndrome, which is a current threat for CVD mor-
tality and morbidity.23 Wilson et al., from the Fra-
mingham Heart Study, reported that the metabolic
syndrome accounts for up to one-third of CVD in
men over 8 years of follow-up. In particular, the
metabolic syndrome’s age-adjusted relative risk for
CVD was found equal to 2.88 (95% CI 1.99–4.16) in
men and equal to 2.25 (95% CI 1.31–3.88) in
women.24 In the present work, the metabolic syn-
drome was also strongly associated with the devel-
opment of CVD within a 5-year period; specifically,
the presence of the syndrome was associated with a
2.09-fold increase in the risk of a CVD event, irre-
spective of various potential confounders. Although
hypercholesterolemia and hypertriglyceridemia
showed a positive association with the development
of CVD, this relationship did not reach significance
when various characteristics of the participants were

taken into account (Table 3). Probably, the presence
of the waist-to-hip ratio together with hypertension
and diabetes excluded these disorders from the final
predictive model (Table 3).
Based on several observational studies, the socio-

economic status of people, as determined by occu-
pation, education level and income, has been related
to all-cause mortality and morbidity.25–28 More-
over, at the beginning of the twentieth century
results from epidemiologic studies suggested that
CVD was originally more common in the upper
socio-economic class than the lower or middle class
(i.e. a ‘disease of affluence’).1 This hypothesis seems
to fail nowadays. In our work, increased years of
education was associated with a lower 5-year inci-
dence of CVD in both sexes. It is of interest that the
aforementioned association was independent of var-
ious clinical and lifestyle characteristics of the parti-
cipants. Marmot and colleagues28 have suggested
that some intermediate factors between social class
and CVD risk factors, such as high consumption of
saturated fat, refined sugar and fiber, and smoking
behavior may be responsible for the observed differ-
ences regarding the prevalence and the incidence of
the disease among social classes. Previous reports
from the ATTICA study29 underlined that the
inverse relationship observed between education
status and prevalence of CVD risk factors was
mainly explained by the adoption of an unhealthy
lifestyle (including increased smoking habits, physi-
cal inactivity, obesity and non-compliance to medi-
cation) by individuals of low education. Neverthe-
less, the presented findings of the 5-year follow-up
emphasize the need for special attention in people
with a low education level in order to reduce the
burden of CVD in the future.
An extensive body of scientific evidence relates

diet and incidence of CVD.5,30–32 There is also
increasing scientific evidence that there are protec-
tive health effects from diets which are high in the
consumption of fruits, vegetables, legumes, whole
grains, and which also include fish, nuts, and low-
fat dairy products. The traditional Mediterranean
diet, whose principal source of fat is olive oil,
encompasses these dietary characteristics. Since the
early 1970s, many investigators have recognized the
beneficial role of this diet on CVD, metabolic dis-
orders and several types of cancer.5,32 In the present
work, greater adherence to the Mediterranean diet
was associated with a lower 5-year CVD incidence,
especially among middle-aged people. The previous
relationship was independent from the potential
confounding effect of various clinical and biochem-
ical characteristics of the participants (Table 3). The
lack of association in younger or older adults may
be attributable to the fact that in people below 35
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years of age there were very few cases of CVD, while
in older adults the adherence to this traditional die-
tary pattern was high in most of the participants (as
presented in previous reports from the ATTICA
study32). Finally, it should be mentioned that
although smoking habits and physical inactivity
increased the risk of CVD (see the initial model pre-
sented in Table 3), these factors did not reach statis-
tical significance when the analysis was adjusted for
various bio-clinical and other potential confoun-
ders. It seems that hypertension, hypercholesterol-
emia and diabetes masked the effect of smoking on
CVD risk, while waist-to-hip ratio and smoking
habits masked the effect of physical inactivity. Nev-
ertheless, this insignificant effect should not under-
estimate its deleterious effect on the cardiovascular
system as it has been shown in several other studies.

Limitations
The baseline evaluation was performed once, and
may be prone to measurement error. Thus, the prev-
alence of various clinical risk factors or the levels of
biological factors may have been overestimated.
However, the applied methodology was similar to
those of other prospective epidemiological studies in
Europe and the USA, and therefore the results are
comparable. Another limitation is that the dietary
analysis for nutrient components (including electro-
lytes) was not completed, so the role of specific nutri-
ents was not evaluated. Finally, telephone calls for
the ascertainment of CVD are valid only when accu-
rate medical records exist; thus, special attention was
given to assess participants’ medical files.

Conclusion

The present work evaluated factors associated with
the development of CVD during a 5-year period in a
Mediterranean population. Among several findings,
multi-adjusted analysis revealed that waist circum-
ference was the best anthropometric predictor for
CVD events, a fact that may make the scientific
community reconsider the role of BMI in cardiovas-
cular risk evaluation.Moreover, low education level
seems to predict CVD events; thus, people with a
low social status are more likely to develop the dis-
ease, and therefore deserve more attention. Finally,
adherence to the Mediterranean diet seems to be
associated with a lower CVD event rate; although
this is not entirely new, our finding is independent
from various socio-demographic, clinical, inflam-
matory and other biochemical, as well as lifestyle
characteristics of the participants.
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